The relationship between plasma GH profiles and cir- 
(IGF-1) at three different planes of nutrition, chosen to represent a high, medium and low level of nutrition (3%, 1\m=.\8% and 1% dry matter of liveweight per day) was studied in 15 young Angus steers. All steers were maintained on 3% dry matter for 5 weeks, then on one of the three nutritional planes for 4 weeks and then all were returned to 3% dry matter for 3 weeks. Blood was sampled through jugular catheters at 15-min intervals for 25 h at the end of each phase of the study and additional samples were taken on 2 days each week.
Pulsatile release of GH occurred episodically with a diurnal increase during night and morning hours only in steers on high nutritional intakes. Reduced feeding at both the medium and the low plane abolished the diurnal rhythm and significantly increased mean plasma GH concentrations, the amplitude of GH pulses and the area under the GH profiles. Baseline concentrations of GH and pulse frequency did not change through nutritional manipulation. Upon realimentation, plasma GH concentrations decreased in both previously undernourished groups, with those fed 1% dry matter still having increased levels 10 days after refeeding. Plasma IGF-1 concentrations showed no periodicity. With nutritional deprivation, a decrease in IGF-1 concentration was observed only at negative energy balance (1% group). In this group plasma IGF-1 concentrations were progressively restored within 1 week of realimentation.
The different relationship between GH and IGF-1 release at each plane of nutrition suggests that at both medium and low levels of feed intake, tissue insensitivity to GH may exist peripherally and perhaps centrally. It is suggested that nutritional status may, through modulation of tissue sensitivity to GH, be a primary factor in determining growth and the regulation of the somatotrophic axis in the postnatal ruminant.
INTRODUCTION
The insulin-like growth factors form a vital link between growth hormone (GH) and the metabolic processes of anabolism and growth. Adequate nutri¬ tion is generally accepted as an important requirement for growth in animals and man, and nutritional status impinges on the somatotrophic axis (Phillips & Unterman, 1984) .
During periods of nutritional deficit, plasma con¬ centrations of GH are increased in pigs (Atinmo, Baldijao, Houpt et al. 1978) , man (Mérimée & Fineberg, 1974) , sheep (Basse«, 1974; Driver & Forbes, 1981) and steers (Beeby & Swan, 1983; Blum, Schnyder, Kunz et al. 1985) . However (Clemmons, Klibanski, Underwood et al. 1981) , rats (Maes, Underwood & Ketelslegers, 1983; Maes, Underwood, Gerard & Ketelslegers, 1984) and dogs (Eigenmann, de Bruijne & Froesch, 1985 Daughaday, Mariz & Blethen (1980) . The assay procedure has been described previously (Gluckman, Johnson-Barrett, Butler et al. 1983 ). The minimum detectable dose of IGF-1 was 0-5 ng/tube, and halfmaximal displacement of the radioligand was achieved by 16 ng/tube. The assay was validated for cattle by serial dilution of extracted bovine plasma in the IGF-1 assay. It diluted in parallel with extracted human and ovine plasma and with highly purified IGF-1. Concentrations of IGF-1 were expressed in terms of preparation 1/3. Within-assay and between-assay variation were 6 and 9% respectively.
Statistical methods
The experiment was conducted in a randomized block design with animals being allocated to the three differ¬ ent levels of feeding (period II) to form three balanced groups of the same average liveweight. Liveweight gains were calculated on a weekly basis and expressed as means of groups.
The pulsatile secretion of GH was described by a mathematical model similar to the approach used by Santen & Bardin (1973) and Riley, Peters & Lamming (1981) 
RESULTS

Liveweight changes
The daily liveweight gains for the three groups are illustrated in Fig. 1 (Anfinson, Davis, Christian & Everson, 1975; Davis, Ohlson, Klindt & Anfinson, 1977) , and its short half-life (Trenkle, 1976 (Tindal, Blake, Simmonds & Hart, 1985) . Growth hormone secretion in young steers therefore appears to be inherently episodic. The physiological significance of such pulsatility remains to be fully elucidated. There is evidence in man that growth disorders may be associated with altered pulsatility (Bereu, 1984) . The three nutritional planes used in the present study were chosen on the basis of their likely effect on growth rate. The medium plane (1-8% DM of live¬ weight/day) approximated the intake of steers fed on normal pasture as indicated by the weight increase of 0-7 kg/day in the latter portion of the nutritional manipulation. The weight changes in the early portion of the nutritional manipulation cannot be interpreted because of the confounding effect of changing gut fill. The higher plane (3% DM of liveweight/day) repre¬ sented an intake superior to that normally seen on pasture and the low plane (1% DM of liveweight/day) was associated with significant and maintained weight loss through the experiment indicating that it was below maintenance requirements. Although the GH pulse frequency and baseline levels were not changed by nutritional manipulation, the nature of the pulses altered. At a high level of feeding GH pulse peaks were of low amplitude and of short duration. In contrast, at medium and low planes of nutrition GH pulses were high with multiple-phasic release and slow decay. A similar elongation of GH pulses has been observed in malnourished sheep injected with GHreleasing factor (Hart, Chadwick, James & Simmonds, 1985) . These observations may reflect a reduced meta¬ bolic clearance rate of GH at low nutritional intakes as reported in cattle (Trenkle, 1976) . Alternatively, undernutrition may decrease the release of hypothalamic somatostatin, perhaps by reducing GH-mediated feedback due to altered somatogenic receptor number (Maes et al. 1983 ) and thus modulation of the pulse height.
The reduced plasma IGF-1 concentrations in steers at a low level of feeding (Fig. 3) Malnutrition-induced resistance to GH is well documented in monogastric species (Phillips & Young, 1976; Merimee, Zapf & Froesch, 1982) and is due at least in part to changes in GH receptor number (Maes et al. 1983 (Maes et al. , 1984 , but postreceptor mechanisms may also be involved (Maes, Underwood & Ketelslegers, 1986 (Bauman & Currie, 1980; Bines, Hart & Morant, 1980; Bauman, McCutcheon, Steinhour et al. 1985) . Possible explana¬ tions are that it is due either to altered feedback through insulin-like growth factors on GH secretion (Berelowitz, Szabo, Frohman et al. 1981) or to altered metabolic clearance of GH (Trenkle, 1976) . The lipolytic effect of GH (Grichting, Levy & Goodman, 1983) (Hart & Johnson, 1986) .
